INTRODUCTION
Postoperative cerebrospinal fluid (CSF) leak is a well-known complication following transsphenoidal surgery for sellar lesions, with a reported incidence in the range of 8.6%-15.9%. (1) (2) (3) (4) Its occurrence may result in meningitis, and prolonged treatment or reparative surgery are required in some patients.
Obesity is increasingly prevalent in the world today. This phenomenon holds true in Singapore as well. An association between elevated body mass index (BMI) and the occurrence of postoperative CSF leak has been suggested, but only recently and in just two studies, (4, 5) both of which had North American populations. We sought to investigate whether this relationship held true in our local multiracial Asian population when using Asian-specific criteria for BMI that were adopted by the medical practice in Singapore.
METHODS
All 147 patients who underwent 151 transsphenoidal procedures for sellar lesions at the Department of General Surgery, Ng Teng Fong General Hospital, Singapore, between 1 May 2000 and 31 May 2012 were eligible for study. Patients with incomplete data sets, insufficient anthropometric data and those who underwent surgery for an extrasellar pathology were excluded ( Fig. 1 ). 119 patients who underwent a total of 123 procedures were included in the final analysis.
The study was approved by the hospital institutional review board. Both inpatient and outpatient medical records were retrospectively reviewed. Patient demographics and anthropometric data were recorded. Patients were categorised based on both the World Health Organization (WHO) international and Asian BMI classifications (Fig. 2) . BMI data was further stratified to create three-and two-tiered classifications. In the three-tiered classification, patients who were underweight or normal (at low risk) were categorised as 'acceptable' and were compared with patients who were overweight and obese (at moderate risk and high risk, respectively) according to the Asian BMI criteria. In the two-tiered classification, overweight and obese patients comprised one group that was compared to the acceptable group, which included underweight and normalweight patients.
Histopathological diagnoses, methods of sellar repair or reconstruction, and data on intraoperative and postoperative CSF leaks were recorded. The occurrence of intraoperative leaks was determined by reviewing patients' operative records. Postoperative leak was determined as the presence of CSF rhinorrhoea on clinical examination following surgery.
The surgeries were performed by eight different surgeons at our institution. Surgeons were free to choose the method of initial access toward the sphenoid sinus -either transnasal or sublabial -but all procedures were performed using a standard transsphenoidal approach (i.e. none of the procedures had expanded approaches). Various combinations of autologous and non-autologous grafts were used for the repair or reconstruction of the sellar floor. This included fascia lata, fat, remnant bone from the sellar opening and equine collagen biomatrix (TissuDura®, Baxter AG, Vienna, Austria). Fibrin sealant (Tisseel® fibrin sealant; Baxter Healthcare, Deerfield, IL, USA) was commonly used as reinforcement. For some endonasal procedures, the use of a vascularised nasoseptal mucosal flap was also an option. All except 18 procedures were performed using an operating microscope. For 18 transsphenoidal surgeries, visualisation was aided by the use of an endoscope via a transnasal approach, with assistance from an otorhinolaryngologist.
Patients were divided into two groups based on the presence or absence of postoperative CSF leak. Wilcoxon rank-sum and Fisher's exact tests were used to compare these patient groups for continuous and dichotomous variables, respectively. Factors such as ethnicity, BMI, the use of endoscope, intraoperative CSF leak, repeat procedures and methods of sellar repair were examined in a series of univariate analyses. Multivariate regression analysis based on a stepwise approach was also performed, including univariate analyses with p < 0.20 as the cut-off for inclusion in the final adjusted model. Statistical analysis of the data was performed using IBM SPSS Statistics version 20 (IBM Corp, Armonk, NY, USA). A p-value < 0.05 was considered as statistically significant.
RESULTS
A total of 123 transsphenoidal surgeries for sellar repair were performed for 119 patients, among which 59 (48.0%) procedures were performed on men (Table I ). The median age of the patients during surgery was 47 (range 13-89) years. A majority of the procedures (76.4%) were performed on patients of Chinese ethnicity, consistent with Singapore's population, which is predominantly Chinese.
Pituitary adenoma (89.4%) was the most common histopathological diagnosis noted in our study, accounting for nearly nine in every ten procedures (Table II) . Six patients underwent repeat procedures, which was defined as surgery on a patient who had undergone a previous similar procedure within any period of time, but not within the same admission and without clinical evidence of CSF leak prior to the reviewed surgical procedure. 10 (8.1%) procedures in ten patients were complicated by postoperative CSF leak. The closure technique varied in this group, with different combinations of materials used for the observed when patients were categorised using both the WHO international (p = 0.192) and Asian BMI (p = 0.176) classifications. This association was more pronounced when compared using the well-established three-tiered classification (international: p = 0.096; Asian: p = 0.084), although it did not reach statistical significance. None of the patients classified as acceptable under the Asian BMI three-tiered classification developed postoperative CSF leak ( Fig. 3 ). When stratified using the two-tiered Asian BMI classification, we found that all patients who had postoperative CSF leak were of at least moderate risk (100.0%). Among patients who did not develop postoperative leak, this percentage was lower, with only about two-thirds (66.4%) being categorised as moderate and high risk; this difference in the proportion of moderate-and highrisk procedures among patients with and without postoperative CSF leak was found to be statistically significant (p = 0.030).
Repeat procedures were found to be associated with increased risk of postoperative CSF leak on univariate analysis (p = 0.041; Table V ). The occurrence of intraoperative leak (p = 0.268), use of endoscope (p = 0.668), transnasal approach (p = 0.389) and the use of autologous materials for repair or reconstruction of the sellar floor (p = 0.564) were all not statistically significant on univariate analysis in relation to the occurrence of postoperative CSF leak following transsphenoidal procedures (data not shown). reconstruction and repair of the sellar floor ( Table III) . Two of the ten patients required reparative surgery, while the remaining eight patients were successfully managed using measures such as bed rest in a flat supine position, repeated lumbar punctures or insertion of a lumbar drain. 1 (0.8%) patient died on the 20th postoperative day due to intracranial bleeding at the operative site complicated by hydrocephalus and cerebral infarction, which did not improve despite ventriculostomy. Another patient (0.8%) developed postoperative meningitis, which occurred despite the absence of postoperative CSF leakage. She was successfully treated using intravenous antibiotics.
No significant difference was noted between patients with and without postoperative CSF leak with regard to gender, age and ethnicity (Table IV) . The median BMI of patients with postoperative leak was significantly greater than that of patients without postoperative leak (27.0 kg/m 2 vs. 24.6 kg/m 2 ; p = 0.018). There was a trend toward increased occurrence of postoperative leak with increasing obesity, which was
DISCUSSION
The transsphenoidal approach to lesions in the sella turcica has seen many advances throughout the last century. Hirsch and Cushing were pioneers of the technique in the early 1900s, (6) and Hardy was credited with popularising the technique again in the 1960s with the use of the operating microscope and the advent of antibiotics, (7) reducing complication rates arising from CSF leak and meningitis, which had plagued this procedure a few decades earlier. More recently, the use of endoscopes, which was popularised in the 1990s by Carrau et al, (8) is playing an increasingly important role in current practice, offering superior visualisation compared to the traditional microscope. Despite these advances, the risk of postoperative CSF leak following transsphenoidal surgeries remains a significant complication with potentially severe morbidity and mortality, particularly for infection in the form of meningitis.
Obesity is a major cause of morbidity and mortality in developed countries, including Singapore. The WHO introduced an international classification for obesity in 1995, which was termed as BMI. (9) The year 2004 saw the introduction of a specific BMI range for determining public health and clinical action in Asian populations, in recognition of the health risks posed at lower BMI values in this population. (10) Data from the latest National Health Survey revealed that 23.0% of Singaporean adults were in the high-risk group under the Asian BMI classification. Moreover, the trend of obesity in Singapore has been increasing steadily, with age-standardised prevalence rising from 6.3% in 1998 to 10.8% in 2010. (11) Obesity is purported to be a significant risk factor for the occurrence of spontaneous CSF rhinorrhoea. (12) (13) (14) It has also been linked to raised intracranial pressure in various metabolic (15) (16) (17) and mechanical theories, (18, 19) and is a recognised risk factor in the setting of idiopathic intracranial hypertension. (15, 20) More recently, observations by Dlouhy et al (4) and Ivan et al (5) have suggested an association between obesity and increased risk of postoperative CSF leak following transnasal anterior skull base approaches. The exact pathophysiology is uncertain, but it is likely that the associations between elevated BMI and spontaneous CSF leak and between obesity and intracranial hypertension share a similar pathogenesis, with sustained elevated intracranial pressure eventually resulting in dehiscence of the sellar reconstruction following surgery. (4) We found a significantly higher median BMI among patients with postoperative CSF leak following transsphenoidal procedures, compared with those without. Notably, this result, while consistent with that of Dlouhy et al, is from a multiracial Asian population. Our rate of postoperative CSF leak (8.1%) was lower than the 13.5% reported in the earlier study. This may be partly attributed to the lower median BMI observed in our Asian study population (BMI 27.0 kg/m 2 ) as opposed to the North American population in Dlouhy et al's study (BMI 39.2 kg/m 2 ). (4) Repeat procedures were found to be associated with an increased risk of postoperative CSF leak. This was not unexpected given the obvious difficulties resulting from the alterations in anatomy and surgical planes following the initial surgery, and the subsequent increased risk of intraoperative leak. Contrary to the findings by Ivan et al, (5) we did not find a significant relationship between the occurrences of intraoperative and postoperative leaks. This observation could have been due to unintentional bias when operating surgeons made greater efforts to ensure a good repair following an intraoperative leak. Given the small number of patients in the present study, however, the strength of correlations drawn between BMI and postoperative CSF leak following transsphenoidal procedures remains weak. Our study results should thus be interpreted with caution.
Various techniques have been described with regard to sellar reconstruction following a transsphenoidal approach, differing in the type of materials used and the manner in which they are utilised (e.g. tiered or combination repairs). (21, 22) Reconstruction methods varied widely in our study due to the number of surgeons involved. The usage of autologous materials in the form of fascia lata or fat was analysed, given its historical importance as the earliest effective method of sellar reconstruction, as described by Dandy (23) and Collins, (24) but no significant correlation was found with respect to postoperative CSF leak.
The vascularised nasoseptal flap, first described by Hadad et al, (25) has become increasingly popular, with recent literature suggesting that its use could reduce the incidence of postoperative CSF leak when compared to mucosal-free grafts. (3, 26, 27) Our study included only a small proportion (5.7%) of patients who had undergone a nasoseptal flap repair. Although none of these patients developed postoperative CSF leaks, the small sample size limits us from making any firm inferences regarding its usefulness in reducing the occurrence of postoperative CSF leak subsequent to transsphenoidal procedures among patients with elevated BMI. Given what we understand from the current literature, however, it would be reasonable to consider the use of such flap repair, in conjunction with meticulous surgical technique, in order to minimise the risk of postoperative CSF leak in higher-risk patients, such as those with elevated BMI.
To the best of our knowledge, this is the largest study to consider the relationship between elevated BMI and the occurrence of postoperative CSF leak following transsphenoidal procedures -an association that has only been described in recent years and in just two previous articles. Furthermore, this is the only study that has specifically focused on an Asian population while considering region-specific criteria for BMI.
This study was not without limitations. We acknowledge the inherent bias that is associated with any retrospective method of data retrieval and analysis. Other limitations, such as the heterogeneity of the lesional pathology, surgical approach, and the technique and method of sellar reconstruction, may also dilute the strength of any potential correlation drawn between BMI and the incidence of postoperative CSF leak in these patients. Given the relatively low incidence of this complication, a larger sample size would help to increase the overall power of the study, including correlations between CSF leak and other risk factors during subgroup analysis.
In conclusion, elevated BMI has been shown to be a significant predictor for postoperative CSF leak following transsphenoidal surgery. This holds true even in an Asian population when regionspecific BMI measures are applied, showing the strength of this association across diverse populations. Larger prospective studies are warranted to further validate this relationship.
